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ORIGINAL ARTICLE - Laboratory science

Pathogenesis of acanthamoebic keratitis: hypothesis
based on a histological analysis of 30 cases

Alec Garner

Abstract
The results of a histopathological study of 30
cases ofAcanthamoeba keratitis are construed
as indicating a four stage pathogenetic
sequence: (1) initial infection, involving
breaching ofthe surface epithelium; (2) kerato-
cyte depletion by the invading trophozoites; (3)
inflammatory response mediated by neutrophil
polymorphonuclear leucocytes; (4) stromal
necrosis attributable to leucocytic activity.
(BrJ Ophthalmol 1993; 77: 366-370)
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Acanthamoebic keratitis is now sufficiently well
known not to need an introduction.' 2Neverthe-
less, the numbers are small such that a compre-
hensive review in 1987' was able to draw on
reports of just 63 cases diagnosed in the United
States. Given that 85% of cases are said to be
linked to the wearing of contact lenses,3 even the
250 cases recorded by the Centers for Disease
Control in Atlanta4 are trivial in comparison with
the more than two million contact lens wearers in
the United States. This suggests that the causa-
tive protozoon is either a weak pathogen or that

there is a high degree of innate host resistance. A
relative lack of pathogenicity is emphasised by
the widespread distribution of the various
Acanthamoeba species and the corresponding
potential for infection. Partly because of the
small numbers available for study and partly
because, until recently,5 it has proved difficult to
develop a satisfactory animal model, understand-
ing of the way in which Acanthamoeba damages
the cornea is incomplete. In 1988 I presented a
hypothesis based on the histological study of 10
personally observed cases6 and the purpose ofthe
present paper is to reinforce the suggestions
advanced on that occasion in the light of
subsequent experience.

Matenrals and methods
Tissue suitable for analysis was available from 30
patients with histologically confirmed acantha-
moebic keratitis (the 10 cases reported pre-
viously6 are included). Altogether, there were 22
full thickness corneal discs, two evisceration
specimens including corneal tissue, five globes,

Figure I (Case 14).
Section ofcornea showing
atrophic and partially
desquamated epithelium,
diffuse leucocytic infiltration
ofthe anterior stroma and
virtual total absence of
keratocytes. Occasional
Acanthamoebae are also
seen (arrows) (haematoxylin
and eosin, x 120).
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Figure 2 (Case 8). There is artefactual loss ofsurface
epithelium in the presence ofan intact Bowman's zone.

Necrotic material is seen within the superficial stromal
lamellae and numerous Acanthamoebae are present in the
deeper stroma. There are almost no viable keratocyte nuclei
(haematoxylin and eosin, x205).
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Figure 3 (Case 21). The
anterior stroma is heavily
infiltrated by
pqlymorphonuclear
leucocytes, while
Acanthamoebae (arrows)
can be identified at all levels
including the deeper
lamellae where leucocytes
are less evident. Epithelial
loss is probably artefactual
(haematoxylin and eosin,
x 150).

.1".4. 9
.....

< i?~~~~~~~~~~~~~~~~~~~~.. . ,;r,;....i. ..!i.*.....

-i i

........ .....

-<
i4,w0, ,

phil polymorphonuclear cells with scattered
macrophages (Figs 3 and 4). Lymphocytes and
plasma cells were rarely found. Absence of
covering epithelium was another frequent find-
ing but the extent to which this was artefactual
could not always be determined.

In the five cases in which enucleation of the
globe had been performed moderate to severe
chronic uveitis was observed, most evident anter-
iorly and in the form of diffuse lymphocyte and
plasma cell infiltration. Vascular congestion and
chronic inflammation of the perilimbal bulbar
conjunctiva was also evident.

All purely corneal specimens were examined
for the presence of trophozoites or cysts at the
resection margin but, in view of the sporadic
distribution of the organisms, this was not con-
sidered to be a reliable exercise and the results are
not recorded. Acanthamoeba was not detected in
the sclera of the five enucleation specimens.
The findings in individual cases are listed in

Tables 1 and 2 and summarised in Table 3.

and one biopsy of the epithelium and anterior
stroma. (In 11 cases repeated surgical procedures
had resulted in the additional submission of
failed graft material but evaluation was restricted
to the initial host cornea in all but one instance
(case 12).) Diagnosis was based primarily on the
recognition of acanthamoebic trophozoites or
cysts. Supplementary evidence in the form of in
vitro culture, based on the inoculation of agar
plates subsequently seeded with Escherichia coli
bacilli and incubated for periods ofup to 4 weeks,
was available in 14 of the cases, while in 13
specific anti-Acanthamoeba antibody affinity was
demonstrated using antiserum provided by
courtesy ofDr D C Warhurst (London School of
Tropical Medicine and Hygiene) and a standard
indirect peroxidase antiperoxidase staining
procedure.
Of the 21 cases in which the information was

available, 16 were linked with contact lens wear-
ing and in five there was a history of trauma
involving the corneal surface. Fourteen patients
had had a good response to an initial penetrating
keratoplasty but 10 had subsequently incurred
renewed inflammation in the donor tissue, while
in the remaining six the outcome was unknown.

Results
Common to all 29 full thickness corneal discs was
depletion of stromal keratocytes (Figs 1 and 2),
particularly in the anterior half of the substantia
propria. In two cases this was focally obscured by
reparative fibrosis and in the single case in which
anterior stroma only was available there was no
apparent reduction. Loss of stromal collagen
affecting variable areas of the corneas was also
observed in the majority of specimens (76-7%)
and, while most obvious in the anterior lamellae,
was associated with full thickness perforation in
three cases. Leucocytic infiltration was also
common but again was much more obvious
anteriorly (86-7%) than in the posterior stroma
(33 3%), and consisted almost entirely ofneutro-

Discussion
The low incidence of acanthamoebic keratitis
despite the widespread prevalence of the causa-
tive organism is capable of at least two mutually
compatible explanations. One is that the
Acanthamoeba organism is a weak pathogen and
the other is that the corneal epithelium presents a
generally insurmountable barrier to invasion.
Evidence bearing on the first ofthese possibilities
is sparse and entirely circumstantial. Several
epidemiological studies have detected evidence
of an immunological response in clinically un-
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Figure 4 (Case 4). Polymorphonuclear leucocytic
infiltration ofthe corneal stroma is evident anteriorly.
Acanthamoebae, seen mostly as encystedforms, are present
at all levels but are most numerous posteriorly where
leucocytes arefew (haematoxylin and eosin, x295).
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Histopathological and related findings in individual patients with acanthamoebic

Anterior stroma Posterior stroma

Inflammation Inflammation
Epithelial Cell Stromal Cell Stromal

Patient cell loss loss* loss Acute Chronic loss loss Acute Chronic

1 ++ ++ ++ ++ - ++ + + -
2 ++ ++ + + - ++ - _ _
3 - ++ ++ + + ++ - _ _
4 + ++ - + - ++ - _ _
5 + (++) ++ + - ++ - -
6 + ++ + ++ - ++ - _ _
7 + ++ + ++ - ++ _ _ _
8 - + - ++ _ _ _ _ _
9 + ++ + ++ - - - - +
10 - + + - - + - - -

11 - + - ++ - + - - -

12 + ++ + ++ - + - + -
13 ++ ++ + ++ - ++ - - -
14 ++ ++ - - - ++ - - -
15 ++ ++ + + +
16 + + + ++ ++
17 - + - ++
18 - + ++ ++

19 - (++) ++ - - - ++
20 ++ ++ - ++ - ++ - + -
21 ++ ++ ++ +± - ++ - - -
22 ++ ++ ++ ++ - ++ ++ + -
23 ++ ++ ++ ++ - ++ ++ ++ -
24 ++ ++ + ++ - + - ++ -
25 ++ ++ ++ ++ - ++ + ++ -
26 ++ ++ + ++ _ ++ _
27 ++ ++ + ++ - - - + -
28 ++ ++ + ++ - ++ - - -
29 ++ ++ - ++ - ++ - + -
30 - ++ ++ + - ++ - - -

*Bracketed entries represent cases with superimposed reparative fibrosis.
(+ + =conspicuous finding; + =minor change; - =absent).

Table 2

Mode of
Patient infection

1 Trauma
2 CL
3 CL
4 ?
5 CL
6 ?
7 CL
8 ?
9 ?
10 ?
11 ?
12 CL
13 Trauma
14 CL
15 CL
16 Trauma
17 CL
18 CL
19 CL
20 ?
21 CL
22 Trauma
23 Trauma
24 ?
25 CL
26 ?
27 CL
28 CL
29 CL
30 CL

Recurrence
after
initial graft

Yes
Yes
No
No
Yes

Yes
Yes
No
Yes
Yes
No
No
No
No
Yes
No
No
Yes

No

No

No
No
Yes
No

Other comments

Perforation; enucleation
? Sclera infected
Clinically stable

Infection of second graft
Corneal melt; evisceration
Severe uveitis; enucleation
Post-enucleation diagnosis

Infection of second graft

Agricultural worker
Retrocorneal membrane
Perforation; evisceration
Perforation; enucleation

Severe uveitis; enucleation
Bilateral involvement
Possible scleral spread
Retrograft fibroplasia
Retrocorneal fibrosis

Table 3 Summary ofhistopathological changes in
Acanthamoeba infected corneas

Anterior stroma Posterior stroma
(30 cases) (29 cases)

Epithelial cell loss:
conspicuous 15
slight 6

Keratocyte loss:
conspicuous 25 21
slight 5 4

Reparative fibrosis 2 0
Stromal loss:

conspicuous 10 2
slight 13 2

Acute inflammation:
conspicuous 20 4
slight 6 6

affected individuals,78 while the recovery rate for
Acanthamoeba in nasal and pharyngeal swabs,
though low, exceeds the incidence of clinical
disease."' Subclinical exposure to infection may
be the rule rather than the exception.2 Such
findings, together with the observation that non-
ocular Acanthamoeba infections, particularly in
the form of meningoencephalitis,2 13 occur pre-
dominantly in immunocompromised patients
suggest that the infection is normally easily
contained. Immune mechanisms are unlikely,
however, to be involved in the apparent inability
of the protozoa to infect the cornea in the first
instance and it remains to be seen to what extent
the low incidence of acanthamoebic keratitis is a
reflection of innate protozoal limitations. Con-
versely, the difficulty experienced by several
research workers in artificially infecting animals
with Acanthamoeba spp, other than by direct
inoculation into the substantia propria,'"7 points
to the importance of the barrier presented by the
epithelium. Experimental evidence indicates
that the ability of the parasite to adhere to the
surface cells is crucial if infection is to occur and
that, while duration of exposure increases the
chance, tear flow and eyelid movements act
adversely.'8 Properties peculiar to the corneal
surface may also be important, an experimental
investigation of corneal infection by Acantha-
moeba castellanii having shown that there is
marked host specificity, such that whereas the
epithelium of humans and pigs permits tropho-
zoite binding, that of most other species does
not.'9 The binding appears to involve a mutual
interaction between trophozoites and the surface
epithelium such that desmosome-like junctions
are created.20

In patients with acanthamoebic keratitis pre-
ceded by trauma it is reasonable to suppose that
the protozoa gained access to the stroma through
a physically created gap in the corneal epithe-
lium. The much more common association with
contact lens wearing (78-9% of the present
patients for whom information concerning the
possible cause was given) is less obvious for,
while minor abrasion of the epithelium is a
possibility, there is rarely any clinical evidence of
such an event. On the other hand Acanthamoeba
spp have been observed lifting up and burrowing
between the individual epithelial cells of
cocultured corneal tissue.2' Reduced anti-
microbial effectiveness of the tear film and
bacterial contamination of the prosthesis could
also be factors.22

In the absence ofrepeated biopsies concepts of
pathogenesis based on the appraisal of histo-
logical material can only be inferred but, after
initial breaching or invasion of the epithelium, a

sequence involving four successive stages can be
envisaged (Fig 5).

STAGE 1: INITIAL INFECTION
Once having reached the substantial propria by
whatever means the parasites invade the super-
ficial lamellae without, it seems, exciting any
significant inflammatory response. This state-
ment is, however, somewhat conjectural since
there is rarely opportunity to observe the initial
stages histologically. Even so it is common to see

Table I
keratitis
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Figure 5 Diagram of
postulated sequence in the
pathogenesis of
acanthamoebic keratitis. (A)
Initial penetration ofsurface
epithelium. (B) Depletion of
stromal keratocytes by
invading Acanthamoebae.
(C) Secondary neutrophil
polymorphonuclear leucocyte
infiltration ofstroma. (D)
Stromal necrosis.

A

B

C

D

Epithelium
Keratocytes

) Acanthamoeba
0 Leucocytes

trophozoites and cysts in the deeper stroma in
established infections without surrounding
leucocytic infiltration. Thus, whereas tropho-
zoites or cysts were identified in the posterior half
of the stroma in 28 out of the 30 cases, inflamma-
tory cells were seen in just 10 and in six of those
the numbers were trivial. The relevance of some
potentially adverse evidence of an early poly-
morphonuclear leucocyte response culled from
experiments in rats'6 is thrown into question by
the further evidence that the inflammation
becomes chronic after 7 days and results in
eventual elimination ofthe parasite: spontaneous
resolution does not appear to occur in the human
cornea and in none of the 30 cases was there
significant chronic inflammatory cell infiltration.
The absence of leucocytes at this phase of the

infection invites comparison with certain para-
sitic disorders of the cornea wherein it is princi-
pally dying or degenerate organisms that attract
an infammatory response. Microfilariae of
Onchocerca volvulus, for instance, injected into
the perilimbal conjunctiva of rabbits under
experimental conditions, invade the cornea and
persist for several days without attendant leuco-
cytes so long as they remain viable.23 It is not
clear, however, whether a similar relationship
pertains in the case ofAcanthamoeba.

tissue formation may occasionally be seen. The
loss of keratocytes appears to be independent of
any inflammatory reaction since, whereas the
depletion extended through the full thickness of
the stroma in 25 cases (83-3%), leucocytes were
confined to the anterior lamellae in all but 10
(33 3%). The growth of cultured Acanthamoeba
is supported by supplementation with corneal
cells but not with essentially extracellular stromal
homogenates24 and it is feasible that the dis-
appearance of keratocytes is a consequence of
their being consumed by the trophozoites, as
suggested by the in vitro studies of Larkin and
colleagues.25

STAGE 3: INFLAMMATORY RESPONSE
All 30 cases were characterised by identifiable
stromal cell loss and in 25 (83-3%) this was
associated with an acute inflammatory cell infil-
tration. In only one instance was leucocytic
infiltration seen in the apparent absence of
stromal devitalisation, which suggests that the
inflammation followed rather than preceded the
keratocyte depletion. The stimulus to leucocytic
infiltration is open to question but may be a
response to the parasite which has been shown to
be capable of triggering the alternative pathway
of complement activation.26 This is perhaps a
more likely explanation than its being a conse-
quence of the keratocyte loss since stromal
devitalisation occurring in other circumstances,
such as failed transplants, is rarely associated
with an inflammatory reaction. The composition
of the infiltrate was predominantly neutrophil
polymorphonuclear cell with some macrophages,
but lymphoid cells were conspicuous by their
absence. A dearth of lymphocytes and plasma
cells has also been noted by others.2728 This
cannot be construed as a lack of immunogenicity
because in those cases in which the whole eye was
available for inspection these cells were promi-
nent in both the limbal conjunctiva and anterior
uvea. Possibly the absence of lymphoid cells has
to do with the observed absence of stromal
vascularisation and consequent barrier to in-
vasion by relatively immotile cells. (To what
extent the apparent failure of the parasite to
infect the sclera, at least to any significant degree,
is due to the vascularity and consequent prox-
imity of the effector arm of the immune system
remains to be determined). The seeming absence
of lymphoid cells is especially intriguing given
the abolition of subepithelial infiltrates in
patients with acanthamoebic keratitis following
topical corticosteroid administration.' The
reasonable inference that an Arthus-type
immune reaction has occurred in such circum-
stances could mean that the infiltrates are a
consequence of protozoal antigen combining
with antibody diffusing from the limbus to form
complexes which then initiate the classic path-
way of complement activation and a poly-
morphonuclear leucocyte response.

STAGE 2: KERATOCYTE DEPLETION
A reduced keratocyte population appears to be a
constant finding, especially in the anterior part of
the stroma (100% of cases in the present study),
although some attempt at replacement with scar

STAGE 4: STROMAL NECROSIS
Reduced thickness of the stroma collagen was
seen in 23 cases (85-2% of resected discs and
enucleated globes) and in 18 was accompanied by
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an acute inflammatory cell infiltration. This can
be taken to infer that the lysis was attributable to
enzymes released by the neutrophil poly-
morphonuclear leucocytes. If so the process is
comparable to the neutrophil-mediated colla-
genolysis described in experimentally induced
corneal alkali burns.30 It is noteworthy, however,
that there were six cases of significant stromal
necrosis in either the absence of a recognisable
leucocytic response or with minimal inflamma-
tory cell infiltration. This suggests that other or
additional factors, such as collagenolytic
enzymes secreted by the Acanthamoeba tropho-
zoites,3' may be involved. Alternatively, it may
be that the apparent discrepancy reflects the
effects of antiamoebic drug therapy and the time
interval between the active phase of the keratitis
and surgery. The extent to which the neutrophils
are able to kill Acanthamoeba spp and counter-
balance their harmful consequence is uncertain,
especially in relation to encysted forms, while in
vitro experiments suggest that they need the
cooperation of both complement and antibody to
be effective.32 33

In summary it appears that the following
sequence of events could account for the
observed histological findings:

(1) Parasitic invasion of the anterior stroma
through a defect in the covering epithelium.

(2) Phagocytosis and consequent depletion of
keratocytes beginning anteriorly and gradually
spreading to involve the full thickness of the
cornea.

(3) Secondary acute inflammatory cell infiltra-
tion of the devitalised stroma.

(4) Stromal necrosis attributable to leucocytic
and parasitic collagenolysis.

It is not the purpose of this paper to discuss the
outcome of treatment save to comment that 10 of
the 30 patients suffered recurrent keratitis fol-
lowing the initial graft procedure. This suggests
that amoebic invasion of the perilimbal zone is
not uncommon but, as indicated earlier, the
sporadic distribution of organisms renders any
attempt to determine whether the margins of
resected discs are free of involvement a forlorn
exercise. Anterior scleritis is a well documented
complication of Acanthamoeba keratitis which
could mean that the inflammation reflects direct
protozoal infection. Alternatively, detailed study
of a case reviewed elsewhere,' led to the conclu-
sion that indirect immunological phenomena
were more likely and it may be significant that in
none of the five enucleation specimens in the
present series was it possible to demonstrate
Acanthamoeba. The nature of the stimulus to
scleral inflammation and the occasional persis-
tence of scleritis after corneal transplantation in
patients with acanthamoebic keratitis clearly
needs further investigation.
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